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Synthesis of Coumarins, 4-Hydroxycoumarins, and
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Coumarins, 4-hydroxycoumarins, and 4-hydroxyquinolin-2(1H)-ones can be conveniently prepared
by treatment of a-halocarboxylic acid esters of salicylaldehyde, o-hydroxyacetophenone, methyl
salicylate, and methyl N-methyl- or N-phenylanthranilates with sodium or lithium telluride.
Phenylketene formation competes with cyclization of the a-chlorophenylacetate ester of methyl
salicylate as demonstrated by a trapping experiment with benzylamine. Elemental tellurium may

be recovered and reused.

Introduction

Coumarins are important compounds found widely in
nature? and have numerous applications in medicine (e.g.
anticlotting)? and perfumery,* as dyes in laser technology,>
and as fluorescent indicators.? Certain coumarins inhibit
acetylcholinesterase (involved in Alzheimer’s disease),’
aromatase (breast cancer therapy),” and squalene-hopene
cyclase (cholesterol lowering and antitrypanosomal drugs).8
They also show anti-HIV,? antifungal,!® and anti-cancer!!

(1) Preliminary report: Dittmer, D. C.; Li, Q. Abstracts of Papers;
228th National Meeting of the American Chemical Society, Philadel-
phia, PA; American Chemical Society: Washington, DC, 2004; ORGN
639.

(2) Murray, R. D. H. Prog. Chem. Org. Nat. Prod. 2002, 83, 1-673
and references therein.

(3) (a) Coumarins: Biology, Applications, and Mode of Action;
O’Kennedy, R., Thomas, R. D., Eds.; Wiley: Chichester, UK, 1997. (b)
Yu, D.; Suzuki, M.; Xie, L.; Morris-Natschke, S. L.; Lee, K.-H. Med.
Res. Rev. 2003, 23, 322—345. (c) Murray, R. D. H.; Mendez, J.; Brown,
S. A. The Natural Coumarins; Wiley: Chichester, UK, 1982.

(4) Clark, G. S. Perfum. Flavor. 1995, 20, 23—34.

(5) (a) Sekar, N. Colourage 2003, 50, 55—56. (b) Brun, M.-P.;
Bischoff, L.; Garbay, C. Angew. Chem., Int. Ed. 2004, 43, 3432—3436.
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activity. Compounds derived from 4-hydroxycoumarin
protect liver cells from damage by peroxides.!?

4-Hydroxyquinolin-2(1H)-ones have been investigated
as NMDA (IN-methyl-D-aspartate)!® and serotonin 5-HT; 14
receptor antagonists, the former being useful in allowing
drugs to cross the blood—brain barrier and the latter of
use in controlling vomiting induced by cancer chemo-
therapy. In addition, they are intermediates in alkaloid
synthesis.!®

The classic Reformatsky reaction'®~!® has been im-
proved recently by the use of samarium,?°~?? indium,?*
rhodium (catalytic)—diethyl zinc,?® chromium,?6%7 ti-
tanocene,?® and ultrasound.?® Investigations of analogues

(11) Lacy, A.; O’Kennedy, R. Curr. Pharm. Des. 2004, 10, 3797—
3811.

(12) Refouvelet, B.; Guyon, C.; Jacquot, Y.; Girard, C.; Fein, H.;
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K. L.; Tricklebank, M. D.; Leeson, P. D. J. Med. Chem. 1997, 40, 4053—
4068. (b) Zhou, Z.-L.; Navratil, J. M.; Cai, S. X.; Whittemore, E. R.;
Espitia, S. A.; Hawkinson, J. E.; Tran, M.; Woodward, R. M.; Weber,
E.; Keana, J. F. W. Bioorg. Med. Chem. 2001, 9, 2061—2071.
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V. N. Tetrahedron Lett. 1985, 26, 4253—4256. (d) Corral, R. A.; Orazi,
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of the Reformatsky reaction by treatment of a-halocar-
bonyl and related compounds with tellurides usually
resulted in the protonation of the enolate or the elimina-
tion of ketene;?° but intermolecular reactions with alde-
hydes?! and ketones?? have been observed. Cyclopropan-
alogues of a-haloketones undergo similar reactions with
telluride ions.?3 An initial attempt to prepare coumarin
by intramolecular cyclization of the bromoacetate ester
of salicylaldehyde triggered by sodium telluride failed.3%
No other telluride-induced attempted cyclization appears
to have been reported.

Coumarins (2H-1-benzopyran-2-ones) have been pre-
pared by a number of methods involving formation of a
3—4 carbon—carbon bond.?* For example, the Kosta-
necki—Robinson reaction of o-hydroxyarylalkyl ketones
with an acid anhydride and the sodium salt of an acid
produces coumarins by formation of the 3—4 carbon—
carbon bond via the ester enolate, but chromones (4H-
1-benzopyran-4-ones) can be the major products via the
ketone enolate, and yields can be variable.?>3¢ A method
(Claisen) that avoids the chromone byproducts of the
Kostanecki—Robinson reaction is the treatment of methyl
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Tetrahedron Lett. 1986, 27, 3889—3890.

(22) Molander, G. A.; Etter, J. B. J. Am. Chem. Soc. 1987, 109, 6556.
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1999, 99, 991-1045.
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2003, 68, 360—366.
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Commun. 1988, 18, 1167—1170. (g) Padmanabhan, S.; Ogawa, T.;
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Harpp, D. N. Tetrahedron Lett. 1990, 31, 6291—6294. (i) Vasil’ev, A.
A.; Engman, L. J. Org. Chem. 1998, 63, 3911—-3917. (j) Suzuki, H.;
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X.; Jiang, L. M. Chin. Chem. Lett. 1993, 4, 315—316.
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Suzuki, H.; Manabe, H.; Inouye, M. Nippon Kagaku Kaishi 1987,
1485—1489. Chem. Abstr. 1988, 108, 167071. (d) Matsuki, T.; Hu, N.
X.; Aso, Y.; Otsubo, T.; Ogura, F. Bull. Chem. Soc. Jpn. 1989, 62, 2105—
2107. (e) Zhou, Z.-L.; Shi, L.-L.; Huang, Y.-Z. Synth. Commun. 1991,
21, 1027—1037.
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1993, 1963—1965.
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Org. Lett. 2004, 6, 2225—2228.

(34) Williams, A. C.; Camp, N. In Science of Synthesis: Houben-Weyl
Methods of Molecular Transformations; Bellus, D., Ley, S. V., Noyori,
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SCHEME 1. Synthesis of Coumarins
o)
QOH R'CH(Br)COBr OJ\(Bf MyTe, THF 0.0
b M= Na, Li
COR2 ase (:E 2R1 STe a, Li) g
COR R2
1 2 3

2a R'=R2=H 3a, 75% (with LiyTe)
2b R'=Me, R2=H 3b, 55% (with NayTe),
P R1=R§= Ve 64% (with Li,Te)

3¢, 41% (with Na,Te).

TABLE 1. Solvent Effects on Yields of Coumarin 3a via
Sodium or Lithium Telluride

time, coumarin,
entry solvent T,°C h  telluride %
DMF —20tort 2 NayTe trace
THF —20tort 16 NayTe 11-23

benzene—THF (19:1) 6tort 16 NayTe 46
ether—THF (9:1) —20tort 24 NagTe 45
THF —78tortt 1.5 LisTe 75

QU W DN =

@ Reference 30g: salicylaldehyde, 8%; salicylaldehyde dimeric
acetal, 32%. This result is explained by the authors via presumed
ketene formation. ® Allowing the reaction in THF to proceed at
—78 °C for 1 h with quick warming (5—10 min) to room temper-
ature and further standing for 30 min gave the best results.

esters of 2-alkanoyloxybenzoic acids with metallic
sodium?®7? or with bases.3’*f Coumarins also have been
prepared in good yields by a ring-closing metathesis
reaction (3—4 bond formation),?® but this reaction is not
ideal with respect to carbon atom economy and requires
a ruthenium catalyst.

Results and Discussion

Synthesis of Coumarins and 4-Hydroxycoumarins.
We have achieved the previously unsuccessful sodium
telluride-triggered cyclization of the bromoacetate of
salicylaldehyde to coumarin (yields 11—75%) (Table 1).
The cyclization proceeds by formation of the phenolate
ester enolate, elemental tellurium, and bromide ion. The
enolate anion either attacks the ortho carbonyl group
leading to cyclization or eliminates a phenolate ion to give
a ketene.

The yield of coumarin depends on reaction conditions
and the workup. When sodium telluride is the reagent,
the yield is improved by use of solvents (THF, ether—
THF, benzene—THF) less polar than the DMF of the
earlier failed attempt3% (Table 1, entries 1—4).

(35) (a) Kostanecki, S.; Rézycki, A. Ber. Dtsch. Chem. Ges. 1901,
34, 102—112. (b) Baker, W.; Robinson, R. J. Chem. Soc. 1925, 127,
1981—-1986. (c) Baker, W.; Eastwood, F. M. J. Chem. Soc. 1929, 2897—
2907. (d) Heilbron, I. M.; Hey, D. H.; Lythgoe, B. J. Chem. Soc. 1936,
295—-300. (e) Neelakantan, S.; Raman, P. V.; Tinabaye, A. Indian oJ.
Chem. Sect. B: Org. Chem. Incl. Med. Chem. 1982, 21B, 256—257.

(36) For example, cyclizations of o-hydroxyacetophenone and mo-
noethyl esters of dicarboxylic acids with DBU as base gave coumarins
in yields of 1—4% and chromones in yields of 6—20%: Yamaguchi, S.;
Saitoh, M.; Kawase, Y. J. Heterocycl. Chem. 1991, 28, 125—127.

(37) (a) Mentzer, C.; Meunier, P. Bull. Soc. Chim. Fr. 1943, 10, 356—
361. (b) Stahmann, M. A.; Wolff, I.; Link, K. P. J. Am. Chem. Soc. 1943,
65, 2285—2287. (¢) Silverman, R. B. J. Am. Chem. Soc. 1981, 103,
3910—3915. (d) Gandhidasan, R.; Neelakantan, S.; Raman, P. V
Sripathi, S. K. Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem.
1988, 27B, 849. (e) Lokhande, P. D.; Ghiya, B. J. J. Indian Chem. Soc.
1989, 66, 314—315. (f) Da Re, P.; Sandri, E. Chem. Ber. 1960, 93, 1085—
1088.

(38) (a) Chatterjee, A. K.; Toste, F. D.; Goldberg, S. D.; Grubbs, R.
H. Pure Appl. Chem. 2003, 75, 421—425. (b) Nicolaou, K. C.; Pfeffer-
korn, J. A.; Roecker, A. J.; Cao, G.-Q.; Barluenga, S.; Mitchell, H. J. /.
Am. Chem. Soc. 2000, 122, 9939—9953.
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SCHEME 2.
1. NaH, THF, 0°C - rt

Cr.,
cHO 2 BrCH,COBr, 0 °C - rt

3. LiTe, THF, -78°C -1t,1.5h

One-Pot Synthesis of Coumarin

(X ge)
o

-Te
1a 3a, 55%
SCHEME 3. Synthesis of 4-Hydroxycoumarins
0
O)K(X Na,Te, THF 0. 0
1 -Te
2/©: R 20 R2 Z R
R COOMe OH
4a X=Br, R'=Me, R2=H 5a, 54%
4b X=Br, R'=R%=Me 5b, 94%
4c X=Br, R'=Me, R2=OMe 5¢, 67%
4d X=Cl, R'=Ph, R?=H 5d, 10%

SCHEME 4.
Formation

Telluride-Triggered Enolate

(o] oM cyclization

X Te? xR R2 OM
Q:?K( MjTe (M=Li, Na) N
R! v
R? -TeX ©;(R2
o B

o elimination
-R'CH=C=0 R2
R?=H, Me, OMe 6

A change of the telluride counterion from sodium to
lithium reduced reaction times and increased the yield
of coumarin to 75% (Table 1, entry 5). The a-bromopro-
pionate of salicylaldehyde and of 0-hydroxyacetophenone
also gave the expected coumarins in 41—64% yields
(Scheme 1). A convenient one-pot procedure gave cou-
marin in an overall yield of 55% (Scheme 2). Salicylic acid
derivatives 4a—d gave 4-hydroxycoumarins 5a—d (Scheme
3).

The isolation of coumarins is improved by workup with
aqueous hydrogen peroxide (30%) and sodium bicarbon-
ate3® to remove the triethylborane byproduct, formed in
the reduction of tellurium by lithium triethylborohydride,
because Lewis acids complex with coumarin.4°

The telluride reactions are interpreted as proceeding
through an ester enolate 6 formed by removal of the
halide by the nucleophilic telluride ion as previously
suggested (Scheme 4).30733 The unstable TeBr~ or TeCl~
ion decomposes to elemental tellurium and the halide ion.
Two pathways are possible for the fate of the enolate 6:
(1) the desired Dieckmann-type cyclization to coumarins
perhaps assisted by chelation with sodium or lithium
cations (Figure 1, transition states 7 or 8) or (2) elimina-
tion of a stable phenolate anion and a more or less stable
ketene (Figure 1, transition state 9). Ketene elimination
from chloroacetates of phenols was suggested in the
deprotection of these esters by treatment with sodium
telluride in DMF3% or sodium hydrogen telluride in
ethanol®** but products that would be formed from ketene
were not reported. The elimination of a phenol anion is
enhanced by electron-withdrawing groups.*! One can
presume elimination of ketene in the reaction of 2'-

(39) Sodium bicarbonate was used as base instead of the more
common sodium hydroxide (Krishnamurthy, S.; Brown, H. C. J. Org.
Chem. 1976, 41, 3064—3066) to avoid possible hydrolysis of the
coumarin lactone function.

(40) Lewis, F. D.; Barancyk, S. V. J. Am. Chem. Soc. 1989, 111,
8653—8661.
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FIGURE 1. Possible transition states for cyclization and
elimination.

bromoacetoxyacetophenone with trimethyl phosphite,
which gave 2'-hydroxyacetophenone (yield not given) in
addition to the 3-phosphonate of coumarin (38% yield).*2

The extent of ketene formation in reactions of 2 and 4
with telluride ion is expected to be related to the
stabilities of the ketene and the phenolate leaving group,
which in turn depends on the substituents. The Hammett
o~ values for the three substituents used in this inves-
tigation, formyl, acetyl, and methoxycarbonyl, are 6~ cno
=1.03, 0 come = 0.84, and 0 coome = 0.75, respectively.?
With the less electron-withdrawing COOMe group, yields
of coumarins are generally good (5a—c¢, 54—94%), whereas
with the more electron-withdrawing CHO and COMe
groups, the roles of solvent and chelation effects (Table
1) become more significant. For example, the yield of
coumarin 3a with NayTe increases with the decrease in
solvent polarity (Table 1, entries 1—4). The greater
dispersion of negative charge in cyclization transition
states 7 or 8 as compared to elimination transition state
9 is favored in less polar solvents. It is noteworthy that
the classic Dieckmann cyclization is usually performed
in nonpolar solvents (e.g. toluene, benzene).** However,
the overall influence of solvent may be a more complex
issue as relative solvation of the reactants, products,
intermediates, and transition states has to be taken into
account. The higher yield of coumarin 3a in the reaction
with Li,Te (Table 1, entry 5) may reflect the better ability
of lithium ion for chelation (transition state 8). In the
reaction of 4d, the stability of phenylketene may account
for the extensive elimination and low yield of coumarin
5d (Scheme 3). 3-Arylcoumarins are generally expected
to be formed only in low yields. To confirm the formation
of phenylketene, it was trapped with benzylamine to
afford amide 11 (56%) (Scheme 5).45

The yields of coumarins 3a—c¢ and 5a—d (Schemes 1
and 3) can be compared with yields previously reported
for some of these compounds prepared by methods
involving formation of the 3—4 carbon—carbon bond.
Yields of 3a—c by the ring-closing metathesis reaction
were 89%, 88%, and 45%, respectively.?%2 Coumarin 3¢
was obtained from o-hydroxyacetophenone by reaction
with a C-phosphonoketenimine followed by hydrolysis of

(41) (a) Ketene formation by elimination of phenolates from acetate
esters substituted with o-electron-withdrawing groups has been
demonstrated: Bruice, T. C.; Holmquist, B. J. Am. Chem. Soc. 1968,
90, 7136—7138. Holmquist, B.; Bruice, T. C. J. Am. Chem. Soc. 1969,
91, 2993—3002, 3003—3009. Pratt, R. F.; Bruice, T. C. J. Am. Chem.
Soc. 1970, 92, 5956—5964. (b) Other ketene eliminations from esters:
Casanova, J., Jr.; Werner, N. D.; Kiefer, H. R. J. Am. Chem. Soc. 1967,
89, 2411—2416. Thea, S.; Cevasco, G.; Guanti, G.; Kashefi-Naini, N.;
Williams, A. J. Org. Chem. 1985, 50, 1867—1872.

(42) Kostka, K.; Pastuszko, S.; Kotynski, A.; Budzisz, E. Phosphorus,
Sulfur Silicon Relat. Elem. 1998, 134/135, 199—209.

(43) Hansch, C.; Leo, A.; Taft, R. W. Chem. Rev. (Washington, D.C.)
1991, 91, 165—195.

(44) (a) Schaefer, J. P.; Bloomfield, J. J. Org. React. 1967, 15, 1—203.
(b) Hauser, C. R.; Hudson, B. E., Jr. Org. React. 1949, 1, 266—302.
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SCHEME 5. Trapping of Phenylketene
Ph
OCOCH(Ph)C  Na,Te, THF o[
DU
COOMe -Te COOMe
4d
ONa P g pcHoNH, OH o
+ c @[ + Ph\)kN/\Ph
COOMe 2 H7HO COOMe H
10 1
90% 56%

the imine product (91% yield),*62 and via cyclization of a
low-valent titanium enolate of an a-ketoester of o-
hydroxyacetophenone (80%).4* Variations of the Dieck-
mann cyclization have been applied to the synthesis of
5a and 5d. Treatment of the methyl ester of 2-propiony-
loxybenzoic acid with sodium at elevated temperatures®72P
or with sodium hydride3’ gave 5a in yields of 71%, 28%,
and 30—40%, respectively.3”

Likewise, the methyl ester of 2-phenylacetoxybenzoic
acid gave 5d on treatment with sodium (25%),°™ dry
potassium carbonate (85%),%7 or potassium hydroxide in
pyridine (40—60%).3" Coumarins 5b and 5¢ have not
been prepared by cyclization involving 3—4 bond forma-
tion. The former has been obtained in 52% yield from
5-methyl-2-hydroxypropiophenone, dry potassium car-
bonate, and carbon dioxide (40 atm, 170 °C),3” and the
latter in 4% yield from 1,4-dimethoxybenzene and me-
thylmalonyl chloride catalyzed by aluminum chloride.*’

Synthesis of 4-Hydroxyquinolin-2(1H)-ones. 4-Hy-
droxyquinolin-2(1H)-ones 13a—d can be efficiently syn-
thesized from the corresponding methyl N-(a-haloacyl)-
anthranilates 12a—d under similar cyclization conditions
in the presence of sodium telluride (Scheme 6). Elimina-
tion to form a ketene is not a problem in this reaction
because of the lower electronegativity of the nitrogen
atom. This results in a higher yield of 4-hydroxy-1-
methyl-3-phenylquinolinone 13c¢ (77%) as compared to
4-hydroxy-3-phenylcoumarin 5d (10%). The synthesis of
quinolinones has been reviewed,*® and yields from other
methods for formation of the 3—4 carbon—carbon bond
in 13a—d are as follows: 13a (N-methylanthranilic acid,

(45) Treatment of the methyl ester of 2-phenylacetoxybenzoic acid
with sodium or lithium bis(trimethylsilyl)amide under conditions
similar to the telluride cyclization gave methyl salicylate, phenylacetic

OJ\/Ph LIHMDS or NaHMDS

acid, and a trace of coumarin 5d:
OH
s, (77
@[ THF, -20 °C COOMe
COOMe

o
+ PhCH,COOH + 5d (trace)

This result indicates that a ketene elimination is not dependent on
the presence of telluride, but depends only on the formation of the
enolate.

(46) (a) Motoyoshiya, J.; Akinori, T.; Mikoshiba, R.; Yamamoto, I;
Gotoh, H. J. Org. Chem. 1980, 45, 5385—5387. (b) Fiirstner, A.;
Jumbarn, D. N.; Shi, N. Z. Naturforsch. B: Chem. Sci. 1995, 50, 326—
331.

(47) Garden, J. F.; Hayes, N. F.; Thomson, R. H. J. Chem. Soc. 1956,
3315—3318.

(48) Larsen, R. D. In Science of Synthesis: Houben-Weyl Methods of
Molecular Transformations; Bellus, D., Jacobsen, E. N., Ley, S. V.,
Noyori, R., Regitz, M., Schaumann, E., Shinkai, E., Thomas, E. J.,
Trost, B. M., Reider, P. J., Series Editors; Black, D. StC., Volume
Editor; Thieme: Stuttgart, Germany, 2004; Vol. 15, pp 551—660.
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SCHEME 6. Synthesis of
4-Hydroxyquinolin-2(1H)-ones
R! R2
U
R:‘;\‘(x NayTe, THF N©
g, -
COOMe OH

13a: yield 81%
13b: yield 55%
13c: yield 77%
13d: yield 88%

12a X=Br, R'=H, R2=Me
12b X=Br, R'=R?=Me
12¢ X=Cl, R'=Ph, R2=Me
12d X=Br, R'=Me, R2=Ph

acetic anhydride, and/or acetic acid, 35—70%;*° methyl
N-acetyl-N-methylanthranilate, LDA, 54%;%° 2-N-methyl-
aminobenzaldehyde, ethyl chloroacetate, sodium hydride,
65%;°! ethyl N-acetyl-N-methylanthranilate, sodium, xy-
lene, 76%),°2 13b ([N-(2-bromopropionyl)-N-methyl-2-
cyanoaniline, phenylmagnesium bromide, hydrolysis of
imine, no yield given),”® and 13c¢ (methyl ester of N-
methyl-N-phenylacetylanthranilic acid and sodium ethox-
ide, 91%, or a basic ion-exchange resin, 86%).5* Quinoli-
none 13d apparently has not been prepared by cyclization
to form the 3—4 bond,? but instead a cyclization involv-
ing heating of diphenylaniline and diethyl methylma-
lonate to form the 4—4a and 1—2 bonds has been reported
in unspecified yield.?®

Conclusions

A convenient synthesis of coumarins, 4-hydroxycou-
marins, and 4-hydroxyquinolinones by a tellurium-trig-
gered cyclization has been developed. The telluride
method is advantageous in that it involves nonbasic
conditions and avoids nonspecific proton removal that is
troublesome in the Kostanecki—Robinson reaction. Eno-
lates of esters are formed specifically from the o-ha-
loester. Despite a few limitations, such as low yields of
the 3-arylcoumarins and the necessity to use strictly
anhydrous and nonprotic conditions to avoid protonation
of the instantly formed enolate, the method offers some
advantages: relatively cheap, nontoxic,?” and recoverable
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tellurium is used; no strong bases are required; formation
of the enolates is fast, and the reactions proceed at room
temperature or below; and the starting materials, a-ha-
locarboxylic acids and o-hydroxy- or o-aminophenyl car-
boxylic esters, aldehydes, and ketones, are readily avail-
able. Atom economy is good in contrast to the ring-closing
metathesis synthesis of coumarins.?® In addition, this
method may be applied to one-pot preparation of cou-
marins from the corresponding o-carbonylphenols as
demonstrated by the synthesis of coumarin from salicy-
laldehyde.

Experimental Section

Preparation of Sodium Telluride.’® A mixture of tel-
lurium powder (200 mesh, 1.64 g, 12.8 mmol), sodium chips
(0.604 g, 26.3 mmol), and naphthalene (0.336 g, 2.63 mmol)
in anhydrous THF (12.8 mL) was refluxed under nitrogen for
48 h during which an off-white suspension of sodium telluride
was formed. (The use of a stir bar is not recommended since
the white Teflon stir bars become dark and the quality of the
reagent appears to degrade within a few days.) The reaction
flask was cooled to room temperature, and the approximately
1 M suspension is stored under nitrogen until used. The use
of freshly prepared sodium telluride is recommended.

Generation of Lithium Telluride.’®>® A solution of
lithium triethylborohydride in THF (7.98 mL, 1 M, 7.98 mmol)
was added to a suspension of tellurium powder (509 mg, 3.99
mmol) in THF (7.95 mL) at room temperature. The mixture
was stirred for 4 h. Hydrogen evolved, and the color of the
mixture gradually changed from black to pink and then to
almost white. This 0.25 M “stock suspension” of finely divided
lithium telluride in THF is stable for weeks at room temper-
ature under an argon atmosphere and can be handled easily
with an airtight syringe equipped with a stainless steel needle.

General Procedures for the Preparation of o-Ha-
loesters and Amides: Procedure A. Pyridine or 2,6-lutidine
(1.5 equiv) was added to a solution of a phenol or an aromatic
amine (1 equiv) in CHyCly followed by the corresponding
o-haloacyl halide (1.2 equiv). The mixture was stirred at room
temperature under argon (3—5 h) until TLC verified that the
reaction was complete. The reaction was quenched with
saturated aqueous NH4Cl and extracted with EtOAc, and the
organic phase was dried (NaxSO,4). The crude product was
purified by flash chromatography (hexanes/EtOAc).

Procedure B. A modification of a literature method®® was
used. Salicylaldehyde (1 equiv) was added dropwise during 15
min at 0 °C to a suspension of sodium hydride (1.1 equiv) in
THF (4 mL per 1 mmol of salicylaldehyde). The resulting pale
yellow, viscous slurry was stirred for 2 h, and the a-bromoacyl
bromide (1.2 equiv) was added dropwise over 10 min at 0 °C.
After 25 min, the resulting white suspension of NaBr was
removed by filtration; the solvent was evaporated, and the
crude product was purified by flash chromatography (hexanes/
EtOAc) to afford the a-bromoacylated salicylaldehydes, yields
90—98%.

General Procedures for the Preparation of Cou-
marins and Quinolinones: Procedure C. The solution of
an o-haloester or amide (1 equiv) in THF (2 mL per 1 mmol of
the substrate) was added to a suspension of sodium telluride
(1 M in THF, 1.05 equiv) at —20 °C for coumarin preparation
or at room temperature for quinolinone preparation. The
mixture was stirred until TLC verified that the starting
material was consumed. The tellurium precipitate was re-
moved by centrifugation or filtration through a plug of Celite
as previously described.336! The solvent was evaporated, and
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aqueous KOH (5%) (for 8a—e) or aqueous HCI (10%) (for 5a—
d, 13a—d) was added. The aqueous solution was extracted
with ether; the organic phase was dried (NaxSO,), and the
solvent was removed to afford the crude product that was
purified by flash chromatography (hexanes/EtOAc) or by
crystallization.

Procedure D. Lithium telluride was used, and the proce-
dure is described for the synthesis of coumarin 3a (chromene-
2-one). A “stock suspension” of lithium telluride (0.88 mL, 0.25
M, 0.22 mmol) was added to a solution of 2-(bromoacetoxy)-
benzaldehyde 2a (44 mg, 0.18 mmol) in THF (3 mL) at —78
°C. The mixture was stirred at this temperature for 1 h,
warmed to room temperature, and stirred for an additional
30 min. Saturated aqueous NaHCOs (1 mL) and 30% aqueous
H0: (1 mL) were added dropwise to oxidize triethylborane,
and the mixture was stirred until gas ceased to evolve. (The
tellurium powder is oxidized to water-soluble compounds.) The
mixture was extracted with EtOAc (5 x 1 mL) and filtered
through a pipet of NagSO4. The crude product was purified by
flash chromatography (hexanes/EtOAc) to afford coumarin 3a%
(20 mg, 0.14 mmol, 75%), mp 69—70 °C (1it.%%* mp 67 °C
(ethanol), 1it.5% mp 71 °C (ethanol)); 'H NMR (300 MHz,
CDCl3) 6 7.70 (d, J = 9.5 Hz, 1 H), 7.55—7.45 (m, 2 H), 7.34—
7.24 (m, 2 H), 6.41 (d, J = 9.5 Hz, 1H); 3*C NMR (75 MHz,
CDCl) 6 161.2, 154.4, 143.9, 132.3, 128.3, 124.8, 119.2, 117.3,
117.1.

Procedure E: One-Pot Preparation of Coumarin 3a.
Salicylaldehyde (0.25 g, 2.0 mmol) was added dropwise during
15 min at 0 °C to a suspension of sodium hydride (0.053 g, 2.2
mmol) in THF (8.5 mL). The resulting pale yellow, viscous
slurry was stirred for 2.5 h, and bromoacetyl bromide (0.57 g,
2.8 mmol) was added dropwise during 5 min at 0 °C. The
mixture was stirred for 1 h at room temperature and cooled
to —78 °C. A “stock suspension” of lithium telluride (12.2 mL,
0.25 M, 3.0 mmol) was added dropwise, and the resulting black
suspension was stirred at this temperature for 1 h, warmed
to room temperature, and stirred for an additional 30 min.
Saturated aqueous NaHCO; (5 mL) and 5% aqueous HoOq (15
mL) were added dropwise to oxidize triethylborane, and the
mixture was stirred until gas ceased to evolve. The tellurium
powder was oxidized to water-soluble compounds. The mixture
was extracted with EtOAc (3 x 10 mL); the organic phase was
dried (Na2SO4) and purified by flash chromatography (hexanes/
EtOAc) to afford coumarin 3a (0.16 g, 1.1 mmol, 55% from
salicylaldehyde).

Trapping of Phenylketene Formed in the Reaction of
4d with Sodium Telluride. A suspension of sodium telluride
(0.079 mL, 1 M in THF, 0.079 mmol) was added to the solution
of 4d (20 mg, 0.066 mmol) in THF (0.4 mL) at —78 °C. The
mixture was stirred for 4 min, and benzylamine (21 mg, 0.20
mmol) was added. The mixture was allowed to warm to room
temperature and was stirred for an additional 40 min. The
mixture was quenched with 5% HCI and extracted with EtOAc;
the organic phase was dried (NazSO4) and chromatographed
(hexanes/EtOAc) to afford methyl salicylate (9 mg, 0.059 mmol,
90%) and N-benzyl phenylacetamide 115" (8.3 mg, 0.037
mmol, 56%), which was recrystallized from ethanol: mp 118—
120 °C (1it.5%* mp 118—-120 °C).
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